Morphologial, biochemical, molecular and karyological analyses of different populations and races of the stem and bulb nematode Ditylenchus dipsaci have suggested that it represents a species complex, of which only D. dipsaci sensu stricto and its morphologically larger variant, known as the giant race of the stem and bulb nematode, are plant parasites of economic importance. The present study singles out the giant race from this complex, herein described as a new species named Ditylenchus gigas n. sp., on the basis of morphological and molecular data obtained from several populations collected from broad beans in southern Italy, southern Spain and Lebanon. The new species epithet, which refers to the large body size of the nematode with respect to the normal races, must be considered to be conspecific with the D. dipsaci 'giant race' from Fabaceae in recent literature. Morphologically, the new species is characterized by a body size 1AE5-2 times longer than the 'normal race', stylet delicate (11AE5-13AE0 lm long) with knobs distinctly sloping backwards, and long post-vulval uterine sac (81-150 lm long). Results of molecular analysis of rDNA sequences including the ITS1-5.8S-ITS2 region, the D2-D3 fragment of the 28S gene, the small 18S subunit, the partial mitochondrial gene for cytochrome c oxidase I (mtCOI), and hsp90 gene sequences, support the new taxonomic species status for the former D. dipsaci giant race from Vicia faba, and clearly distinguish D. gigas n. sp. from D. dipsaci sensu stricto.
Introduction
Among more than 60 species presently recognized in the genus Ditylenchus (Siddiqi, 2000) , only a few are parasites of higher plants, whilst the majority of species are mycophagous (Sturhan & Brzeski, 1991) . The type species of the genus is the stem and bulb nematode, Ditylenchus dipsaci, which is a severe plant pathogen worldwide, although its habitats are circumscribed mainly to temperate zones, including the Mediterranean Basin. The European and Mediterranean Plant Protection Organization (EPPO) listed D. dipsaci as an A2 quarantine organism in many countries of this region (EPPO, 2009 ). The survival fourth juvenile stage of this nematode readily withstands sub-zero winter temperatures, summer soil temperatures of 55°C, or decades of desiccation, and can be isolated even from completely dry plant material after moistening (Sturhan & Brzeski, 1991) . The stem and bulb nematode is an obligate endoparasite of higher plants that feeds in parenchymatous tissue in the stem and bulbs of about 500 plant species and damages stems of broad bean, pea, bean and alfalfa, and bulbs such as onion ('bloat disease'), garlic, daffodil and narcissus, causing stunting and swelling and resulting in significant economic losses (Sturhan & Brzeski, 1991) .
It has been pointed out by many authors that D. dipsaci consists of a number of biological races and populations differing in host preferences and occurring at different stages of speciation and reproductive isolation, which might represent different species status (Sturhan & Brzeski, 1991) . After phylogenetic analysis of rDNA gene sequences of different populations and races of the 'stem and bulb nematode', Subbotin et al. (2005) confirmed that Ditylenchus dipsaci represented a species complex, including at least seven species: D. dipsaci sensu stricto and six putative species named as Ditylenchus sp. B from Vicia faba, Ditylenchus sp. C from Cirsium arvense, Ditylenchus sp. D from Pilosella spp., Ditylenchus sp. E from Crepis praemorsa, Ditylenchus sp. F from Leontodon autumnalis and Pilosella officinarum, and Ditylenchus sp. G from Plantago maritima. Recently, Ditylenchus sp. C from C. arvense was described as D. weischeri (Chizhov et al., 2010) , whereas other species are still not properly studied and described. Of the Ditylenchus spp. referred to above, only D. dipsaci sensu stricto and Ditylenchus sp. B infecting broad bean, known as the 'giant race' of stem nematode, are of economic importance as plant parasites (Sikora & Greco, 1990) . Debray & Maupas (1896) were the first to describe a disease on broad beans in Algeria caused by the stem nematode D. dipsaci, whose adults were considerably larger than adults of this species from previous records. To note such a difference in the body size between populations of this stem nematode, they named the population from broad bean as the 'giant race' in contrast with the other 'normal races' of D. dipsaci. The giant race of the stem nematode has been recorded as a severe disease of broad bean in several European and African countries mainly bordering the Mediterranean Sea. In addition, several authors have noted that the giant race is generally more damaging, since it causes more severe symptoms to field broad beans than any other D. dipsaci races and produces more infested seed (Goodey, 1941; Hooper, 1971; Sikora & Greco, 1990; Sturhan & Brzeski, 1991) . Several detailed studies conducted with a giant race population showed that this race also differs from the normal race in its biology. Compared with the normal race, the giant race seems to have a limited host range. The normal race is assumed to have a diploid chromosome number 2n = 24, whereas the giant race parasitizing broad beans is tetraploid with 2n = 48-60 (Sturhan, 1969 (Sturhan, , 1970 D'Addabbo et al., 1982; Sturhan & Brzeski, 1991) . Crossing experiments with diploid races of D. dipsaci sensu stricto and the giant race showed that F1 hybrids were formed, but they were infertile. These results led Sturhan (1983) to conclude that the giant race should therefore be recognized as a separate species. Several studies including PCR-ITS-Restriction Fragment Length Polymorphism (RFLP) (Wendt et al., 1993; Kerkoud et al., 2007) , protein isoelectric focussing (IEF) (Tenente & Evans, 1997) , RAPD (Esquibet et al., 1998) , AFLP (Esquibet et al., 2003) , and ITS-rDNA gene sequence (Subbotin et al., 2005; Kerkoud et al., 2007; Marek et al., 2010) analysis also confirmed that the giant race is different from normal races and it might represent a separate species within the D. dipsaci species complex.
Accurate detection and identification of ditylenchid species as well as knowledge of the pathogenic variability of field populations is crucial to regulatory control, as well as for plant breeding and development of resistant cultivars. In the present study, a separate species status for the giant race of stem nematode is proposed by using a polyphasic approach. The new nematode species is herein described as Ditylenchus gigas n. sp. based on analysis of several populations collected from broad beans in southern Italy, southern Spain and Lebanon. The species epithet refers to the large body size of the nematode with respect to normal races and it must be considered to be conspecific with the Ditylenchus dipsaci giant race from Fabaceae in the literature. Phylogenetic relationships within plant-parasitic Ditylenchus species using Bayesian inference of five gene sequence fragments, consisting of the ITS1-5.8S-ITS2 region, the D2-D3 fragment of the 28S rDNA gene, the small subunit 18S rDNA gene, the partial mitochondrial gene for cytochrome c oxidase I (mtCOI), and nuclear hsp90 gene sequences were also investigated. Additionally, host-parasite relationships were studied in naturally infected broad bean plants.
Materials and methods

Nematode populations and morphological studies
Nematodes were extracted from infected tissues from several hosts and localities (Table 1) . Infected tissues were selected and sectioned in 5 mm strips or 0AE5-0AE8 mm thick sections, and incubated in water in Petri dishes. After 5-6 h, the nematodes that emerged were used for morphological observations and molecular studies. For diagnosis and identification, extracted nematodes were narcotized by gentle heat, and mounted in water agar (Esser, 1986) . Adult specimens were also processed in glycerol in permanent mounts, according to Seinhorst's method (1966) , for studies of morpho-diagnostic characters and drawings with camera lucida. Photomicrographs of nematodes were made with a 35-mm camera attached to a Reichart compound microscope (Reichart-Jung) equipped with differential interference contrast (DIC) optics. Formaldehyde (4% solution) fixed specimens were dehydrated in a gradient ethanol series, criticalpoint dried, sputter-coated with gold and observed by scanning electron microscopy (SEM) according to Abolafia et al. (2002) .
DNA extraction, PCR, RFLP, cloning and sequencing DNA was extracted from individuals of both female and male Ditylenchus specimens. DNA extraction, PCR, cloning and sequencing were carried out in three laboratories: IPP, CNR, Italy; IAS, CSIC, Spain and PPDC, CDFA, USA. The protocols have been previously described in detail by Castillo et al. (2003 ), De Luca et al. (2004 and Subbotin et al. (2008) . The following sets of primers were used for amplification of five gene fragments in the present study: (i) D2-D3 expansion segments of 28S rDNA using D2A (5¢-ACAAGTACC GTGAGGGAAAGTTG-3¢) and D3B (5¢-TCGGAA GGAACCAGCTACTA-3 ¢); (ii) ITS1-5AE8-ITS2 rDNA using TW81 (5¢-GTTTCCGTAGGTGAACCTGC-3¢) and AB28 (5¢-ATATGCTTAAGTTCAGCGGGT-3¢) or 18S (5¢-TTGATTACGTCCCTGCCCTTT-3¢) and 26S (5¢-TTTCACTCGCCGTTACTAAGG-3¢); (iii) 18S rDNA using 18SnF (5¢-TGGATAACTGTGGTAATT CTAGAGC-3¢) and 18SnR (5¢-TTACGACTTTTGCCC GGTTC-3¢) or G18SU (5¢-GCTTGCCTCAAAGATT AAGCC-3¢) and R18Tyl1 (5¢-GGTCCAAGAATTTCAC CTCTC-3¢); (iv) hsp90 gene using U831 (5¢-AAYAA RACMAAGCCNTYTGGAC-3¢) and L1110 (5¢-TCRC ARTTVTCCATGATRAAVAC-3¢); and (v) COI gene of mitochondrial DNA using COI-F1 (5¢-CCTACTATGAT TGGTGGTTTTGGTAATTG-3¢) and COI-R2 (5¢-GTAGCAGCAGTAAAATAAGCACG-3¢) (Kanzaki & Futai, 2002) . The PCR products were purified using Nucleospin Extract II (Macherey-Nagel) or QIAquick (Qiagen) gel extraction kits. For the PCR-RFLP study 10 lL of purified product was digested by one of the following restriction enzymes: AluI, DdeI, HinfI, PstI, RsaI or PvuII in the buffer stipulated by the manufacturer. The digested DNA was run on buffered agarose gels, stained with ethidium bromide, visualized on a UV transilluminator and photographed. The TOPO-TA cloning kit (Invitrogen) or pGEM-T Vector System II kit (Promega) was used for cloning of PCR products. Several clones or several PCR samples were sequenced for the different populations. Sequences were deposited in the National Center for Biotechnology Information (GenBank) database and the accession numbers are listed in Table 1 .
Phylogenetic analysis
The newly obtained sequences for each gene were aligned with sequences of the D. dipsaci complex available in GenBank (Subbotin et al., 2004 (Subbotin et al., , 2005 Marek et al., 2005 Marek et al., , 2010 Castillo et al., 2007; Kerkoud et al., 2007; Holterman et al., 2009; Douda et al., unpublished; Madani, M. & Subbotin, S.A., unpublished ; Wang, J., Ji, L., Yang, X., Huang, G. & Lin, M., unpublished; Yu Q. & Ye W., unpublished) using ClustalX 1.83 (Thompson et al., 1997) with default parameters. Outgroup taxa for each dataset were chosen according to the results of previously published data (Subbotin et al., 2005 . Sequence datasets for each gene fragment were analysed separately with Bayesian inference (BI) using MRBAYES 3.1.2 (Huelsenbeck & Ronquist, 2001 ). BI analysis under the GTR + I + G model for each DNA fragment was initiated with a random starting tree and was run with four chains for 1AE0 · 10 6 generations. The Markov chains were sampled at intervals of 100 generations. Two runs were performed for each analysis. The log-likelihood values of the sample points stabilized after approximately 10 3 generations. After discarding burn-in samples and evaluating convergence, the remaining samples were retained for further analysis. The topologies were used to generate a 50% majority rule consensus tree. Posterior probabilities (PP) are given on appropriate clades. Sequence analysis of alignments was performed with PAUP* 4b10 (Swofford, 2003) . Pairwise divergences between taxa were computed as absolute distance values and as percentage mean distance values based on whole alignment, with adjustment for missing data.
Histopathology
Broad bean-infected tissues were selected for histological studies from the material that showed the highest number of nematodes emerging after 6 h of incubation. Epidermal stem strips were cut into 5 mm long segments, fixed in FAA (formaldehyde-acetic acid-ethanol), dehydrated in a tertiary butyl alcohol series (40-70-85-90-100%), embedded in paraffin with a melting point of 58°C and sectioned with a rotary microtome. Sections 10-12 lm thick were placed on glass slides, stained with safranin and fast-green, mounted permanently in a 40% xylene solution of a polymethacrylic ester (Synocril 9122X, Cray Valley Products), examined microscopically and photographed (Johansen, 1940) .
Results
Disease symptoms
Severe soil infestation (32-420 nematodes per 100 cm 3 of soil) was detected in a commercial broad bean field at Noci, in the Province of Bari, southern Italy. Specimens of the formerly considered giant race of the D. dipsaci complex caused a serious swelling and deformation of stem tissue or lesions which turn reddish-brown then black (Fig. 1) . Newly formed pods turned dark brown in appearance. The lesions enveloped the stem and increased in length (from 0AE2 to 8 cm), often reaching the edge of an internode (Fig. 1) . In severely infected plants (84-14,945 nematodes per g of stem tissue), leaf and petiole necrosis was also evident, which can be confused with symptoms induced by fungal leaf pathogens. In this advanced stage of infection, seeds, which were also infected by the nematode (11-816 nematodes per g of seed tissue), appeared darker, distorted, smaller in size and with speckle-like spots on the surface (Fig. 1) . Heavy infections often killed the main shoots, stimulating secondary tiller formation.
Description of the giant stem and bulb nematode Ditylenchus gigas n. sp.
Measurements of holotype, 20 paratype females and 12 males are reported in Table 2 , and for other populations in Table 3 . Illustrations are in 
Female
Lip region flattened, 2AE7 ± 0AE4 (2AE0-3AE3) lm high and 7AE8 ± 0AE5 (6AE7-8AE7) lm wide, separated from the rest of the body by a slight constriction. Under the light microscope, the lip region contour appears smooth in two-thirds anterior and with a basal annulus in the third posterior (Fig. 2h) . In SEM view, labial area with quadrangular outline, showing incisures like incomplete annuli in submedial and subdorsal sectors of the first lip annulus (Fig. 4b) , giving the appearance of a lip region composed of three to four annuli. Stoma opening porelike, in the middle of a slightly raised, small and circular oral disc. Amphidial apertures often partially covered by debris, and therefore difficult to detect. Stylet delicate, conus 5AE5 ± 0AE2 (5-6) lm long, knobs distinctly sloping backwards, 2AE8 ± 0AE3 (2AE3-3AE3) lm across. Dorsal gland orifice (DGO) 1AE9 ± 0AE5 (1AE3-2AE7) lm, 15AE4 ± 4AE1 (11-23) % of stylet length. Median bulb oval, measuring 20AE4 ± 1AE7 (17-24) lm and 12AE5 ± 0AE7 (11AE3-14) lm in longitudinal and cross diameter, respectively. Isthmus elongate, slender, 61 ± 6AE9 (51-72) lm long, slightly swelling in the medial third. Basal pharyngeal bulb ovate to quadrangular with rounded margins, shortly overlapping intestine 1AE5-10 lm. Lateral field with four plain 
a All measurements are in lm unless otherwise stated. b All other abbreviations used are defined by Siddiqi (2000) . 
a All measurements are in lm unless otherwise stated. b All other abbreviations used are defined by Siddiqi (2000) .
lines (Figs 2e and 3h) , the inner two appearing sometimes faint and indistinct (Fig. 4f) . Ovary mono-prodelphic, outstretched, 1084 ± 120 (868-1265) lm long, 63 ± 6AE6 (50-72) % of body length, with the apex of germinal zone sometimes reaching to middle of pharyngeal bulb. Spermatheca strongly elongated, 127 ± 22AE9 (98-176) lm long, with its posterior end distant 174 ± 35AE6 (131-223) lm from vagina, usually filled with round sperm. Uterus with a quadricolumella, comprised of four rows of four cells each (Fig. 4e) , followed by a proper uterus which swells near the vagina. Post-vulval uterine sac well developed, 2AE0 ± 0AE3 (1AE7-2AE5) times the vulvaanus distance. Tail elongate conoid, tapering posteriorly to a finely rounded terminus. Phasmids were seen in two specimens only, located at 63 and 76 lm from the tail terminus.
Male
Similar to female, except in reproductive system. Lip region 2AE6 ± 0AE2 (2AE3-3AE0) lm high, 7AE1 ± 0AE6 (6AE0-8AE0) lm wide, slightly narrower than the rest of the body. Labial area with raised oral disc, separated by medial and lateral sectors as observed in SEM view. Incomplete incisures similar to those of female were present in the first lip annulus (Fig. 4g,h ). Lip region mostly smooth, with a barely distinct basal annulus. Stylet delicate, conus 5AE2 ± 0AE3 (4AE7-5AE7) lm long; knobs small but distinct, 2AE8 ± 0AE3 (2AE3-3AE3) lm across. DGO 1AE5 ± 0AE3 (1AE3-2AE0) lm, 13AE2 ± 2AE3 (11-18) % of stylet length. Median bulb oval, measuring 17AE8 ± 2AE3 (12-21) lm and 10AE7 ± 1AE5 (6AE5-13) lm in longitudinal and cross diameter, respectively. Isthmus slender, 58AE5 ± 15AE5 (39-81AE5) lm long. Basal pharyngeal bulb usually pyriform, with short overlap over intestine (about 5-10 lm). Lateral field with four, smooth incisures (Fig. 4i) about 72-76% of tail length. Spicules arcuate ventrad, slightly cephalated anteriorly. Gubernaculum simple, slightly thickened in the central part.
Type host and locality Holotype female and additional paratypes from a population extracted from broad bean-infected tissues collected by the first author at Noci, Bari, southern Italy (latitude 40°48¢07¢¢ N; longitude 17°11¢06¢¢ E), on clay soil, 454 m above sea level.
Other hosts Lamium purpureum, L. album, L. amplexicaule (Clayden & Hooper, 1981) , Ranunculus arvensis, Convolvulus arvensis and Avena sterilis (Augustin & Sikora, 1989) . 
Etymology
The specific epithet 'gigas' derives from the Greek word cica1 (gigas) that means 'giant', and refers to the large body size of this species. . In addition, D. gigas n. sp. differs from related species in the ITS1-5.8S-ITS2 region, the D2-D3 fragment of the 28S gene of rDNA, the small subunit 18S rDNA sequence, mtCOI gene and hsp90 gene sequences and chromosome numbers (see below). Spicules of D. gigas n. sp. correspond to those of D. dipsaci sensu stricto, with a weakly prominent ventral tumulus as well as minute processes at the base of the manubrium, which agree with data from Thorne (1945) and Karssen & Willemsen (2010) . Having four lines in the lateral fields and a conoid tail, D. gigas n. sp. is also close to D. acuminatus, D. angustus, D. indicus and D. solani. However, D. gigas n. sp. differs from all of them in a longer body length; it also differs from D. acuminatus in stylet length and c ratio (11AE5-13 vs. 5-7 lm, 16AE8-27AE6 vs. 9AE0-11AE9, respectively); from D. angustus it differs in longer stylet (11AE5-13 vs. 10-11 lm) and spicule length (23AE5-28 vs. 16-21 lm); from D. indicus it also differs in spicule length and c ratio (23AE5-28 vs. 14 lm, 16AE8-27AE6 vs. 10-14, respectively), and tail tip shape (pointed versus rounded); finally, it differs from D. solani in stylet length and c ratio (11AE5-13 vs. 8-11 lm, 16AE8-27AE6 vs. 10-16, respectively).
Molecular characterization
PCR-ITS-RFLP PCR-ITS-RFLP patterns for D. gigas n. sp. and D. dipsaci sensu lato are given in Figure 5 . Restriction of the PCR products by each of four enzymes, DdeI, RsaI, HinfI and PvuII, allowed D. gigas n. sp. to be distinguished from D. dipsaci sensu stricto.
ITS rDNA
The sequence alignment was 685 positions in length and included all taxa with 45 accessions for D. dipsaci sensu stricto and 21 accessions for D. gigas n. sp. Sequence divergence within the studied ingroup taxa reached 11AE5% (53 nucleotides (nt)), and ranged from 0 to 1AE6% (0-11 nt) within D. dipsaci sensu stricto, from 0 to 0AE9% (0-6 nt) within D. gigas n. sp., and from 3AE9 to 5AE5% (26-37 nt) between these two species. The majority consensus BI tree is given in Figure 6 . The D. gigas n. sp. clade was highly supported with a PP = 98%, whereas the PP value for the D. dipsaci sensu stricto clade was 62%. The 50% majority rule consensus tree from Bayesian analysis generated from the ITS dataset for the Ditylenchus dipsaci species complex using the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are in bold font.
Furthermore, the FJ707364 sequence was putatively identified in this study as a Ditylenchus sp. closer to sequences of D. gigas n. sp. Sequence divergence varied from 0 to 1AE2% (0-8 nt) within D. dipsaci sensu stricto, from 0 to 0AE1% (0-1 nt) within D. gigas n. sp. and from 3AE4 to 4AE5% (24-30 nt) between D. dipsaci sensu stricto and D. gigas n. sp. The BI is presented in Figure 7 . The D. dipsaci sensu stricto clade and the D. gigas clade were highly supported with a PP of 96 and 98%, respectively.
18S rDNA gene
The length of the sequence alignment was 1581 positions and included seven accessions for D. dipsaci sensu stricto and one accession for D. gigas n. sp. Sequence divergence within D. dipsaci sensu stricto ranged from 0AE1 to 0AE8% (3-7 nt) and ranged from 0AE4 to 1AE1% (5-9 nt) between this species and D. gigas n. sp. The BI tree is given in Figure 8a . The D. gigas n. sp. sequence formed a well supported basal clade (PP = 100%) of all D. dipsaci sensu stricto sequences used in the study.
Hsp90 gene
The length of the sequence alignment was 230 positions and included 12 accessions for all Ditylenchus species. Sequence divergence within the studied ingroup taxa reached 17AE6% (0-40 nt), and ranged from 1AE3 to 5AE2% (3-12 nt) within D. dipsaci sensu stricto, from 0 to 0AE8% (0-2 nt) within D. gigas n. sp., and from 14AE5 to 16AE7% (35-38 nt) between these two species. The BI tree is given in Figure 8b . The D. dipsaci sensu stricto clade was highly supported (PP = 100) and differentiated from the D. gigas clade that was less supported (PP = 79).
mtCOI gene
The length of the sequence alignment was 615 positions including four accessions. Sequence divergence was 0AE3% (2 nt) between the two sequences of D. dipsaci sensu stricto, 1AE6% (10 nt) between the two sequences of D. gigas n. sp., and ranged from 19AE7 to 20AE0% (121-123 nt) between D. dipsaci sensu stricto and D. gigas n. sp.
Histopathology
Assessment of population densities of D. gigas n. sp. developmental life stages in infected stem tissues of broad beans showed that J4 was the most abundant life stage. In contrast, adult stages were the least represented (1AE1-8AE5%) in all stem tissues. Extensive, brown necrotic zones were observed on the surface of stems towards the end of the crop season. Later, the tissue degradation extended to upper aboveground plant parts, affecting apical stems, leaves and even undersized pods and seeds (Fig. 1) . Diseased necrotic tissues displaying the characteristic symptoms (Fig. 1b) contained juveniles, females, males, and embryonated eggs of D. gigas n. sp. Examination of infected necrotic areas revealed internal necrosis colonized by nematodes, which induced sub-epidermic cavities surrounded by necrotic cells (Fig. 9) . Nematode migration and feeding in sub-epidermic cell layers caused separation of cells, resulting in the enlargement of intercellular spaces.
Discussion
The genus Ditylenchus tends to be greatly conserved in gross morphology which makes species identification a very difficult task (Brzeski, 1991) . Since species descriptions of nematodes has traditionally been based on the morphological or typological species concept, molecular techniques have recently shown that many presumed monospecific species are in fact sibling or cryptic species, genetically distinct but sharing common morphological diagnostic characters Vovlas et al., 2008; Gutiérrez-Gutiérrez et al., 2010) . Nevertheless, the nematode species concept has been recently discussed, suggesting that delimitation of species should be based mainly on an amalgamation of principles of polyphasic taxonomy, which assembles and assimilates all available data and information (phenotypic, genotypic and phylogenetic) used for delimiting taxa at all levels (Subbotin & Figure 7 The 50% majority rule consensus tree from Bayesian analysis generated from the D2-D3 of 28S rDNA gene sequence dataset for the Ditylenchus dipsaci species complex using the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are in bold font. *originally identified as D. dipsaci parasitizing pea. Vovlas et al., 2008; Gutiérrez-Gutiérrez et al., 2010) . During the last decades, several authors have provided arguments and suggested the separation of the so-called normal and giant races of D. dipsaci sensu lato into two different species (Sturhan, 1970; Sturhan & Brzeski, 1991; Subbotin et al., 2005) . The present work is the first one to integrate morphological and molecular analyses for designation of a new species from the D. dipsaci species complex. In this study the phylogenetic relationships have been reconstructed within Ditylenchus dipsaci sensu lato as inferred from analyses of several gene fragments: ribosomal coding sequences (D2-D3 expansion segments of 28S and partial 18S), non-coding ribosomal sequences (ITS1-5.8S-ITS2 region), nuclear coding protein (hsp90) and the partial mtCOI gene. The results of the different gene analyses converge and clearly separate D. gigas n. sp. from D. dipsaci sensu stricto. The greatest differences between these two species were obtained in the results of analysis of the partial mtCOI and hsp90 (a) (b) Figure 8 The 50% majority rule consensus tree from Bayesian analysis generated from the 18S rDNA gene sequence dataset (a) and hsp90 gene sequence dataset (b) for the Ditylenchus dipsaci species complex using the GTR + I + G model. Posterior probability more than 70% is given for appropriate clades. Newly obtained sequences are in bold font. *originally identified as D. dipsaci. codifying genes, which showed differences between these two species ranging from 19AE7 to 20AE0% and from 14AE5 to 16AE7%, and intraspecific variation of 0AE3-1AE6% and 0-5AE2%, respectively. Results from molecular analysis are congruent with previous findings. It has been known that mitochondrial genes evolve faster than nuclear genes, and this has been found in other nematode species (Moritz et al., 1987; Blouin, 2002) . High nucleotide differences in the hsp90 gene have also been detected in related species, such as Pratylenchus penetrans and P. crenatus or Heterodera goldeni and H. glycines, being 14 and 16%, respectively. Furthermore, PCR-ITS-RFLP patterns also allowed the clear separation of these two races which makes it a reliable and easy method for species identification due to its wide availability on a large scale in laboratories. Thus, the morphometrical and molecular studies together with previously published results of protein IEF (Tenente & Evans, 1997) , RAPD (Esquibet et al., 1998) , AFLP (Esquibet et al., 2003) and karyological analysis (Sturhan, 1969 (Sturhan, , 1970 D'Addabbo Gallo et al., 1982; Sturhan & Brzeski, 1991) clearly justify the separation of D. gigas n. sp. from other plant parasitic Ditylenchus species. These genetic differences together with some minor morphological characters (except for body length) support the idea that the giant race should be considered as a cryptic sibling species of D. dipsaci sensu stricto and warrant its elevation to species rank. Ditylenchus gigas n. sp. showed similar morphological changes at plant tissue level as induced by other species from the D. dipsaci complex. However, this study revealed that at organismal level, a different pattern of damage occurs in broad beans. This damage differs from that caused by D. dipsaci sensu stricto in a heavier distribution of symptoms through the main stem, leaves and pods, and in the greater percentage of infected seeds, which could be of concern since they are the main distribution method for this pathogen. This data is in accordance with the results reported by Hooper (1984) , in which broad bean plants severely infected by D. dispsaci sensu stricto and D. gigas n. sp. showed 3 and 67% infected seeds, respectively. In addition, differences in the effects of seasonal temperature and soil chilling on survival and infectivity have been found in D. gigas n. sp. compared to the oat and lucerne races of D. dipsaci sensu lato (Tenente & Evans, 1995) .
Moens
These results will be especially important for accurate detection and identification of both ditylenchid species, which will have implications in sanitary regulatory control and in the development of resistant cultivars.
